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FIELD OF THE INVENTION 

The present invention relates generally to 
electromechanical switch design and, more particularly, to 
modifications of current Microelectromechanical System (MEMS) 
15 switches to overcome temperature dependency and stiction. 

DESCRIPTION OF THE RELATED ART 

MEMS may be used in Radio Frequency (RF) switches, phase 
arrays, phase scanning, compensating circuits, filters, switch 

20 matrices, channel switching, and the like. The unique 
characteristics of these devices, including their superior 
performance, reduced size, and low potential cost, can allow 
them to become an enabling technology for a variety of 
military and commercial applications. However, there are two 

25 typical phenomenon that plague micromechanical structures : 
temperature dependency and stiction. 
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The first problem is related to temperature dependent 
performance. For example, with an RF MEMS switch the membrane 
should be electrically conductive while the substrate should 
be an electrical insulator. The thermal properties of the 
membrane and substrate are significantly different and results 
in substantially different coefficients of thermal expansion 
(CTE) . This resulting CTE mismatch is approximately 15 to 20 
PPM/°C for an RF MEMS switch. 

Currently, there are two common beam designs, utilizing 
either a free-fixed beam or a fixed-fixed beam, each with 
distinct advantages and drawbacks. 

The first beam design utilizes a free-fixed mechanical 
beam, also known as a cantilever. The force required to pull 
down a single layer cantilever is inherently temperature 
independent because the membrane's stress does not change 
since one end is free to move during temperature changes. 
However, the cantilever design suffers from several phenomenon 
pertaining to repeatability and manuf acturability . For an 
electrostatically actuated switch, the pull-in voltage (Vp) is 
dependent on the gap, which is the distance between the 
movable membrane and the electrode. For a cantilever design, 
any stress gradient within the membrane will cause it to curl, 
thus changing the gap and Vp. Therefore, process control 
requirements are such that stress gradients need to be 
extremely tightly controlled. Small process deviations can 
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result in variations in Vp. 



If 



these variations 



are 



sufficiently large, the device will not operate properly and 
result in significant yield loss. 

The second beam design utilizes a fixed-fixed mechanical 
5 beam attached at both ends of the suspended mechanical beam to 



typically have different CTEs. When the temperature changes, 
the substrate expands or contracts much less than the 
mechanical beam according to their respective CTEs. Since the 

10 substrate is approximately one thousand times thicker than the 
mechanical beam, the temperature change causes the stress 
within the mechanical beam to change which, in turn, changes 
the spring constant of the mechanical beam. Thus, the force 
required to pull down the mechanical beam will change with 

15 temperature. For example, the Vp of an electrostatically 
actuated RF MEMS switch with a fixed-fixed aluminum membrane 
on a silicon substrate will change 0.35-0.6 V/°C. However, 
system specifications require the Vp to change less than 0.1 
V/°C. 

20 A second problem that MEMS encounter is stiction, in which 

the moveable mechanical beam does not release from the 
electrode, or substrate, when intended. Stiction can be 
caused for numerous reasons, such as charge build-up in a 
dielectric, micro-welding of ohmic contacts, contamination, 

25 water absorption, and so forth. The restoring force, Fr, of 



the 



substrate . 



The mechanical beam and the 



substrate 



3 



ATTORNEY DOCKET NO. PATENT APPLICATION 

MEM 2657002 

the mechanical beam needs to be greater than the stiction 
forces in order for the moveable mechanical beam to pull away 
from the electrode/substrate. However, to date, switch 
designs suffer from having the pull-in force coupled with the 
5 Fr. For an RF MEMS switch, increasing the Fr typically 
increases the pull-in voltage. This would increase the 
electric field across the dielectric which is known to 
increase the dielectric charging, which increases the charging 
related stiction, thereby canceling the beneficial increase in 

10 Fr. 

Therefore, there is a need for modified MEMS switch 
designs that address at least some of the problems associated 
with conventional MEMS switches. 

15 SUMMARY OF THE INVENTION 

The present invention provides a cantilever MEMS switch. 
The cantilever MEMS switch comprising a tether with two ends. 
A first end of the tether is coupled to a substrate, and a 
second end of the tether is coupled to the a cantilever arm. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention and the advantages thereof, reference is now made to 
the following descriptions taken in conjunction with the 
25 accompanying drawings, in which: 

4 



ATTORNEY DOCKET NO. PATENT APPLICATION 

MEM 2657002 

FIGURE 1 is a drawing depicting a modified fixed-free 
beam (cantilever) with a gap-controlling tether; 

FIGURE 2a is a drawing depicting the side view of a 
modified fixed-fixed micromechanical beam such that changes in 
5 temperature are not translated into changes in actuation 
voltage ; 

FIGURE 2b is a drawing depicting the top view of a 
modified fixed-fixed micromechanical beam such that changes 
in temperature are not translated into changes in actuation 
10 voltage; and 

FIGURE 3 is a drawing depicting a variegated electrode 
structure which mitigates stiction issues associated with 
micromechanical beams . 

15 DETAILED DESCRIPTION 

In the following discussion^ numerous specific details 
are set forth to provide a thorough understanding of the 
present invention. However, those skilled in the art will 
appreciate that the present invention may be practiced without 

20 such specific details. In other instances, well-known 
elements have been illustrated in schematic or block diagram 
form in order not to obscure the present invention in 
unnecessary detail. Additionally, for the most part, details 
concerning network communications, electromagnetic signaling 

25 techniques, and the like, have been omitted inasmuch as such 
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details are not considered necessary to obtain a complete 
understanding of the present invention, and are considered to 
be within the understanding of persons of ordinary skill in 
the relevant art. 
5 Referring to FIGURE 1 of the drawings, the reference 

numeral 100 generally designates a drawing depicting an 
modified fixed-free micromechanical beam. 

A solution to the cantilever CTE mismatch phenomenon and 
extremely tight process control requirements is to use a 

10 tethered cantilever design 100. The tethered cantilever 100 
attaches highly compliant (low spring constant) tethers 107 to 
the free-end of the cantilever approximately perpendicular to 
the main cantilever beam. The tethers are sized to hold down 
a beam with a vertical stress gradient at a fixed gap but yet 

15 be sufficiently compliant to absorb any CTE mismatch by 
flexing sideways. 

There are several advantages to the tethered cantilever 
100. The gap can be controlled by the tether length which 
makes the gap insensitive to vertical stress gradients thereby 

20 maintaining a constant Vp. Also, the restoring force can be 
increased by purposely increasing the stress gradient without 
increasing the gap, thereby decoupling pull-in voltage from 
restoring force. Additionally, process controls can be 
reduced because of a reduced sensitivity to variation in beam 

25 stress. A high restoring force is also desirable to 
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potentially alleviate stiction. In addition to having no CTE 
mismatches, the tethered cantilever design 100 could result in 
higher production yield and allow for more robust 
micromechanical beams by decoupling actuation force from 
5 restoring force. 

The modified fixed-free micromechanical beam 
(cantilever) 100 comprises a suspended beam 101, a mechanical 
anchor 102, a substrate 103, a control electrode 108, and a 
tether 107. The suspended beam 101 is connected on one end to 

10 the mechanical post 102, which rests upon the substrate 103. 
A control electrode 108 also rests upon the substrate 103, and 
is utilized to modify the position of the suspended beam 101. 
In the case of an electrostatically operated RF switch, an 
applied voltage is applied to control electrode 108 to move 

15 the suspended beam 101 into an alternative position or state. 
Accordingly, there is also a tether 107 attached between the 
substrate 103 and the suspended beam 101. 

The tether 107 is a new feature that improves upon the 
traditional fixed-free cantilevered beam. One typical problem 

20 with the traditional fixed-free beam is that the suspended 
beam 101 has a tendency to curl up both during operation 
and/or during manufacture. Hence, the life of a traditional 
fix-free beam can be limited, and the manufacturing process 
requires tight controls. However, the tether 107 prevents the 

25 suspended beam 101 from curling up. Moreover, the tether 107 
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can provide a gap limit for the beam. There can be multiple 
tethers or a single tether, as depicted in FIGURE 1, of a 
variety of shapes, sizes, and lengths. Moreover, the tether 
or tethers can be attached to both the substrate and the 
suspended beam in a variety of locations that include, but are 
not limited to, the front and sides of the cantilevered beam. 

Referring to FIGURES 2a and 2b of the drawings, the 
reference numerals 200a and 200b generally designate modified 
fixed-fixed beam microstructures . 

The modified fixed-fixed micromechanical structure 200 
comprises a suspended beam 207, mechanical anchors 205, a 
substrate 201, a control electrode 202, and auxiliary beam 
springs 206. The mechanical anchors 205 and the control 
electrode 202 rest on the substrate 201. The suspended beam 
207 is attached to the beam springs 206, which flex and 
attempt to make contact with the control electrode when the 
beam is engaged. The beam springs 206 rest on and are 
attached to the mechanical anchors 205. The beam springs 206 
are treated in detail below. 

The beam springs 206 are a new feature that improves upon 
the traditional fixed-fixed micromechanical beam. The typical 
problem with the traditional fixed-fixed beams is that the 
suspended beam 207 undergoes thermal expansion/contraction as 
a result of changes in temperature. Since, each end of the 
suspended beam 207 is fixed into position by an anchor 205, 

8 
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changes in temperature result in a change in stress of the 
beam. Hence, to alleviate the phenomenon that result from 
thermal expansion/contraction of the substrate 201 relative to 
the beam 207, the beam springs 206 flex to absorb the 
dimensional changes of the suspended beam. Thus, the 
variation in beam stress is diminished. With the beam springs 
206, the spring constant can be varied in a number of manners. 
For example, the beam spring 206 can be lengthened or widened. 
Hence, in designing a fixed-fixed micromechanical beam for a 
desired use, a designer has an increase in the degrees of 
freedom to eliminate stress changes that result from thermal 
expansion. 

Standard fixed-fixed beams have three degrees of freedom 
(DoF) : length, width, and length. The temperature independent 
fixed-fixed (TIFF) beam design 200, though, incorporates three 
to five additional DoFs: arm length, arm width, arm thickness, 
gap between arms, and number of arms. This allows the TIFF 
design 200 to achieve CTE mismatch compensation to < 0.1 V/°C, 
while maintaining desired actuation voltage. Therefore, the 
fixed-fixed beam CTE mismatch problem is effectively solved 
using a TIFF beam design 200. 

Referring to FIGURE 3 of the drawings, the reference 
numeral 300 generally designates a drawing depicting a 
micromechanical beam with a variegated control electrode. 

The variegated electrode 100 comprises a substrate 302, an 
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electrode 304, a dielectric material 312, and a movable beam 
306. In FIGURE 3, the moveable beam 306 is depicted in the 
down position. As the beam 306 contacts the dielectic 312, 
the beam 306 deforms over the bumps 314. The bumps 314 are 
5 small features that are placed in the stationary electrode 
304. 

The entire moveable beam 306 is stretched slightly as it 
pulls down around the bumps 314. As the beam rests over the 
dielectric 312, strain within the beam 306 increases. Points 

10 of compression 308 and point of tension 310 are created. For 
example, if the bumps are 1000 angstroms high and 100 microns 
apart, then the beam's strain would increase (stretches) by 
approximately 0.2/100 = 0.002. 

Assuming the beam is aluminum, which has Young's modulus 

15 of 70 GPa, then the 0.002 strain increase would equate to an 
increase in tensile stress of approximately 140 MPa. The 
increase in beam stress around the bumps 314 will be even 
larger. Due to the presence of the bumps 314, the beam 306 
release characteristics will be enhanced because the beam will 

20 first start to pull up around the electrode features, thereby 
quickly decreasing contact area and the resulting stiction 
forces. Increasing the beam tensile stress and improving the 
beam release characteristics in this manner will increase the 
restoring force but will not affect the pull-in voltage, 

25 thereby decoupling one from the other. 
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It will further be understood from the foregoing 
description that various modifications and changes may be made 
in the preferred embodiment of the present invention without 
departing from its true spirit. This description is intended 
for purposes of illustration only and should not be construed 
in a limiting sense. The scope of this invention should be 
limited only by the language of the following claims . 

Having thus described the present invention by reference 
to certain of its preferred embodiments^ it is noted that the 
embodiments disclosed are illustrative rather than limiting in 
nature and that a wide range of variations, modifications, 
changes, and substitutions are contemplated in the foregoing 
disclosure and, in some instances, some features of the 
present invention may be employed without a corresponding use 
of the other features. Many such variations and modifications 
may be considered desirable by those skilled in the art based 
upon a review of the foregoing description of preferred 
embodiments. Accordingly, it is appropriate that the appended 
claims be construed broadly and in a manner consistent with 
the scope of the invention. 
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